| INTRODUCTION
Radiation therapy is commonly employed in the treatment of various cancers alone, or in a combination with surgical tumor excision, with the purpose of selectively killing cancer cells at the tumor site. 1 Radiation therapy, however, is damaging to the surrounding healthy tissue and may result in tissue necrosis. Radiation can also compromise wound healing leading to a chronic ulceration. 1 Standardized treatment for chronic radiation-induced wounds is not established; however, flaps and skin grafts are two common surgical options. 2 Conservative care typically includes cleaning and debridement, nutritional support, and establishment of adequate blood and oxygen supply along with vacuum-assisted devices, hyperbaric oxygen (HBO), or advanced wound care dressings, alone or in a combination. 2, 3 Unfortunately, chronic radiation wounds are often resistant to currently available treatment modalities and remain a challenge to treat.
Here we describe the use of a lyopreserved placental membrane containing viable cells (vLPM) allograft for conservative management of a radiation wound in a patient with multiple comorbidities who failed several other treatment modalities. The applications of vLPM were performed in an outpatient setting and resulted in complete closure of the refractory radiation wound.
| CASE REPORT
A 73-year-old female with a history of rheumatoid arthritis (RA), systemic sclerosis, lymphedema, mild chronic venous insufficiency, and squamous cell carcinoma presented with a radiation necrosis wound on the right medial ankle as a result of cancer treatment after tumor excision. The wound duration was 1 year and had been previously treated with various collagen dressings, honey-impregnated dressings, topical antibiotics, and multiple rounds of oral antibiotics. Due to extensive inflammation and fibrosis of the wound, this patient was not a candidate for surgical closure and was selected to receive weekly applications of vLPM for 12 weeks.
vLPM (GrafixPL PRIME ® ; Osiris Therapeutics, Inc, 4 Figure 1A ,B shows the status of the wound 10 and 5 months prior to vLPM application, respectively. During that time, the wound measured roughly 10.0 cm 2 with multiple fluctuations in wound size without progress toward closure. One week prior to the first vLPM application, the wound was measured 8.95 cm 2 with a depth of 0.2 cm ( Figure 1C ). At the initial treatment visit, the wound was measured 1.57 cm 2 with a depth of 0.2 cm ( Figure 1D ). At each treatment visit, the wound was cleaned and debrided prior to vLPM application. The vLPM graft was covered with a non-adherent dressing, Adaptic ® (Systagenix, Gatwick, UK), followed by a hydro fiber dressing to absorb drainage. The patient also received multi-layer compression and was instructed to leave dressings intact and keep the wound site clean and dry. During the course of vLPM treatment, there were four episodes of size increase, correlating to increased areas of slough. One such example is shown in Figure 1E . The graph (Figure 2 ) illustrates the rate of wound closure and shows the four increases in wound size. The reduction of wound area is expressed in percent relative to the baseline wound size, which is considered 100%. The patient achieved complete wound re-epithelialization after 12 applications of vLPM in 98 days, as shown in Figure 1H . The epithelial layer is pink and not matured at this time point; however, the wound remained closed after 3 months from initial closure. Further, the patient did not experience any adverse events (AE) related to vLPM.
| DISCUSSION
In the current study, we evaluated vLPM in the treatment of a chronic radiation necrosis wound that resulted from squamous cell carcinoma radiation therapy, post-surgical tumor excision in a patient with multiple comorbidities. Radiation triggers cell death and impairs cell functionality including migration, proliferation, differentiation, and secretion of extracellular matrix proteins and growth factors. Radiation directly damages fibroblasts causing a decrease in collagen production and loss of collagen function. 1 Further, the presence of reactive oxygen species can lead to the dysregulated production of myofibroblasts, causing an abnormal production of collagen. This is referred to as radiation-induced fibrosis, which prevents wound healing as it inhibits inflammatory cells and impairs angiogenesis, both of which are required to remove bacteria and dead cells, and re-establish microvasculature at the injury site. 1 As all cellular activities key to the wound healing process are heavily compromised after radiation therapy, these wounds prove challenging to treat. Moreover, this patient had multiple comorbidities including RA, systemic sclerosis, lymphedema, and chronic venous insufficiency, which have all been shown to negatively impact wound healing.
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The benefits of placental membranes, amnion, and chorion, for the management of burns and chronic wounds, have been extensively outlined in the literature. 9 Fresh placental membrane is inherently anti-inflammatory, antimicrobial, and antifibrotic. [10] [11] [12] When used as a wound cover, placental membranes maintain a moist environment in the wound, reduce pain, and support angiogenesis, granulation of the wound bed, and wound epithelialization. 13, 14 Development of different tissue preservation methods have led to the commercialization of placental membranes; however, the majority of these preservation methods destroy viable tissue cells. Accumulated data show that devitalization (ie killing viable tissue cells during processing) of placental membranes decreases its anti-inflammatory, antioxidant, antimicrobial, and angiogenic potential. [15] [16] [17] [18] [19] One proprietary cryopreservation method developed by Osiris Therapeutics results in high cell viability within the preserved placental membrane and is a commercially available cryopreserved placental membrane product containing viable cells. 15, 16 Cryopreserved placental membrane (vCPM) retains the components of fresh placental membrane, and its clinical effectiveness has been demonstrated in various trials with hard-to-treat wounds using vCPM plus standard of care.
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In 2016, Frykberg et al demonstrated positive clinical outcomes in the treatment of complex diabetic foot ulcers (DFU) with vCPM. This patient population had significant comorbidities such as heart disease, kidney disease, and previous partial foot amputations. 20 Also in 2016, a retrospective review of five actively smoking diabetics with six nonhealing ulcers and peripheral arterial disease (PAD) who received serial applications of vCPM reported positive outcomes, as all patients achieved complete wound closure. 21 Further, Anselmo et al 22 showed positive clinical outcomes with vCPM in the treatment of three chronic wounds that had previously failed standard wound care treatments. These patients also had significant comorbidities including chronic heart failure, diabetes, peripheral vascular disease, and venous insufficiency. Lastly, Dress et al 23 reported on the use of vCPM
adjunct to an open fasciectomy in a patient with Dupuytren's disease, a tissue disorder resulting in progressive fibrosis and excessive collagen deposition. Though all of these types of wounds are challenging to treat, vCPM adjunct to standard of care demonstrated clinical benefits. Recently, the lyopreserved configuration of placental membrane has been developed using a novel lyophilization technique that allows storage of viable tissues at ambient temperatures. A scientific study has shown that vLPM is structurally and functionally equivalent to vCPM. 24 Similar to vCPM, vLPM retains the components (extracellular matrix, growth factors, and endogenous viable cells) and properties of native placental tissue and is also intended for use in acute and chronic wounds of various etiologies and locations. 4, 24 However, in contrast to vCPM, which requires ultra-low temperatures for storage and distribution, vLPM is stored at room temperature. Based on positive clinical outcomes from various studies utilizing vCPM in the management of chronic wounds in patients with multiple comorbidities, and with the added convenience of room temperature storage, vLPM was selected in the treatment of the present radiation wound.
In this study, we show that with vLPM, the patient was able to achieve complete wound closure in 3 months when multiple other treatments had previously failed. As the surrounding skin was fibrotic and necrotic due to the radiation burn, this patient was not a candidate for traditional surgical approaches, and the clinician elected to use an advanced skin substitute. The selection of vLPM was based on the product composition and inherent properties of placental membrane previously mentioned. Chronic inflammation is a hallmark of radiation wounds. 25 vLPM retains the anti-inflammatory properties of fresh placental membrane-a feature that other advanced skin substitutes do not have. During the course of treatment, the wound experienced four increases in wound size. According to published literature, chronic inflammation in radiation wounds often leads to subsequent waves of tissue injury leading to skin breakdown and necrosis. These waves can occur weeks, months, or years after the initial injury. [25] [26] [27] Fluctuations in wound size were observed during the course of treatment prior to vLPM application. As such, it is unlikely that wound size fluctuations were a result of vLPM application. The positive outcomes of the clinical case presented here suggest that vLPM provides a good conservative option in the treatment of chronic refractory radiation wounds in patients with impaired wound healing due to negative effects of radiation and multiple comorbidities. In the outpatient setting, vLPM provides ease of application as no thawing or reconstitution is required prior to application. Future prospective clinical trials will be needed to further establish effectiveness of vLPM.
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